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(54) i£3JUfcU— tf§S«©®jfc£Sc 

(57) [gift] 

[»?&#«] i«10 1±C.'>^<t(.nlAI, 
Ga|.,N^77 K® 1 04(0<x<l)> In y Ga 
, N«( 0 S y < 1 ) **trft£M«G51£Jf) 10 6. 
P IA l,Ga,.,N;57 H«l 08£JC<W3$j£U 
plA I.Ga,.^??^ FJf 1 08±£Ji. tg&&A 

1 , Ga, N« 1 0 9 (x< z S 1 ) SrStRj&glC J: oT 
JgjKL. MapMA l.Ga^.N^^-y HJ1 1 0 8S.I^ 
A UGa.-.NJf 1 0 9±£<i. pIGaN3y?^h 
HI 1 OZB&th. 



8 8 5 




o 

fiJLf 



6= 




( 



[IS*JSl] **R-htC, iKKfctngA I.Ga,., 
N?57KI(0<x<l). I n,Ga t .,NS(OSy 
<l)Z%tsm$m. plAl.Ga.-.N^yHJB 
tJCXICXMU pl!Al < Ga 1 .,Ni'57HiJ:K 

X. Al,Ga,. : NJS{x<zSl)?rIMg(:J:-5T 
#*U iriBpMA l,Ga 1 .,N?57 FJI&l/A 1 , 

[ff£JB2] MKJife, 4"5r<fct>nS!A I.Ga,., 
N^77KS(0<x<l), I n y Gai- y NJS(05y 
<l)Sr*tf%3fcfU^ p!5A l.Ga.-.NISl^-/ 
)=lS:littU piAl.Gai-.NSl^^vK 
JUbfcli. ^SA1SfcSfc&S^*F^7'#<0fgis£ 
SrBfSWC, A l I Ga,. 1 NJS<x<zS 1 ) SrStRfife^tC 
ii«U firf£p§2A l.Ga.-.NSl^^v FJf 
XlfA l.Ga^jNJIJifctt. pIA l.Ga^.Njf^ 

[|f^3S3] SeLhtC, Wkt.nlAl.Ga,., 
N?7-y FJ8(0<x< lh I n,Ga,. r N8(0Sy 
<l)&-£tt¥&6Mt&. pSAl.Ga.-.NS&l^y 
FJBSrWact=Jgfi£Ls pIA l.Gaj^NS&l 79 -/ F 

SrSfeWt. A l,Ga,. 1 Ni(x<zSl), In.Ga 
, N® ( 0 ^w< 1 ) £3HRjfcRK X iTm<X<£&f& 
U miepMAl.Gaj-.NSSl^^-y KJlfciWI n 
.Ga,.„NiB±tC:(i, PIA l 1 Ga,. l N*2^?vH 
Jg. pMGaN3V^^FJBSrm»:t=^-ri.-i:S-^ 

[iH^«43 ttniGaN/<77 
rif£JBj£U anIGaNA 7 7TliCli, 
A®*£fc*£^£*F5^:r#tf>|giS£|&vrc. A l z 

Ga^.NJf (x<z£l)£S«j£SC«fc')jei£U I? 
IS n M G a N/n* ••/ 7 r JBii 4 If A 1 , G a , - x N !B±t£ 
II nIAI I Ga,. I N?77Ki(0<x<l). In 
y Ga,. y N;i<0s5y<l)**tf?Bt«lS, pIA i , 
Gai-,N??7HI. pS3>-^^F«2:WI<K^BK 

[IfcS«5] g«LtlC, ^<tlnlAl,Ga,. ( 
NSfSl?7-yFH(0<x<l)£JBj£U nlAl.G 
a,.,NSl ;?7 FJS±(CJ4. &8LiZAm&tZZ'^ 
£Xh7 47y&>®m:W^X. A 1 ,Gai-,NJB(x 
<z£ 1 ±oT#j£U ffiTlEnSA 1 ,G 

a,., NSS 1 7 5 -y FJB*5 Xl/A 1 x G a,., Nflg±C 
J4. nlAI,Ga,.,NK2^77HI. I n y Ga,. y 
Um(0£y<l)i-&tsf&tmm. pIAl.Ga^.N 
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[UI5R3I6] SKJifc:. 'J>-%< ttnSA I.Ga,., 
NSIl^-y F/f (0<x< l)£jgj£U nlAl.G 
^..NUl^^vKiJtfcli. SSSaAfSSi:*^ 
9^7^*0^*8 *MEWC. I n.Ga,-.NJl(0 
Sw<l). A 1 ,Ga,. I Nl(x<zS l)£S!iRjfc& 
H4-?TJlB<$tt:^(RU !?ifin3!A l.Ga.-.NBl^ 
yy YmaXX/A l^Ga^NJIJifcrtt. nSAl.G 
a 1 .,NH2?77Hl > I n,Ga l . T Nf(0Sy< 
l)«"£tfS£fcfW£. plAl I Ga,. I N?77Hi, 

CIS^7] WktnSA l.Ga,., 

N7? y FJB(0<x<lK I n y Ga l _ y NJB(0<y 
<D$:-S-tr%3fcfaiS. plAl,Ga,.,N?77H8 
*J«iMC#lS U plAl,Ga,. 1 N;77 WIB= 

1 , G a,. t NJi( x< z S 1 ) S-jMtRj&SlwJ: oTM 
U plAl,Ga l .,N;57Hi«J:^Al I Ga 1 . I 
NB±tc{±. p!GaN3^^MS:MU UatHf 

cm^JS8i «wwiiJKiiwwi7a>vvf*i*»- mtz 
ist&co^mwiy—fms^mm^rmizii^x . ai,g 

at-.NWifcttl n.Gai-.NJBKttiT. GaN/ 
A 1 , G a,., m-hK&mfrW&i&fctZZ t tft 

[000 13 

iftw>&-fs>imft& i *nf$U4. trigs 

[0002] 

[«&feO&ffl] I n G a A 1 ti%k{£&to¥mmt. 

— v tt O«^i:fCW?£§^* < Jii'><?>ix-Cv^. 131 1(4 
^f^F7 - 1 7 6 8 2 V^SawoS-fbT" 

-TJ4. t7T-(7i«llKGaNJ:v^77Ti 

2. Si^K-rLfcnlGaNa^x-MSiJffK 
S*t-C*59, -5-co±t:. Xh^-fT^Siaa&i: LX. S 
i S-F-TtJtnMGaA 1 N?5<y S i $• F 
-rLfcnllnGaNSttiS. MgS: F—TLtlp 
MA lGaN?77 FJB6. Mg?r K-7*LfcpIGa 

^fl£U--if^{4, SffifcLtplGaN3y^^M 
7±tcp«3t--5-y^t8ffi8* { }g«$iX, nIGaN3 

i.. 

[0003] mi \<r>^m^— rtcfev%T<4. 
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[0004101 2(*fifflM l 6 - 28382 5^C^£ 

6. C^ftU- reti* t7r>f7SS10±t:, 
AIN11L Si K-rnlGaN|l 2, SiK- 
7nlA iyGa^yNiil 3. S i H-rnIGaNl 
14. 7yK-7A l t Ga,. f NJll 5. M g h'-7p 
lAl y Ga,. y Nll 6&tfMg K-rpSGaNll 
7im<ktz9tm*tLX1BliL2tlX^&. x. yli 

O^x^y^l fc$:oTO&. 01 2lZ*5^X . 

1 8(is i o 2 mmx'$>*). zcos i o 2 j£»ia 1 

f*«l OAtmcoxh^^rS*^^§ii-Cv^. 4 
tz. 19, 20teS i H-rnlGaNl 1 2i5ctl/M 
gK-rplGaNil 7fc*C*tL-eM»«S<TJtAJK 

[00051 01 2?>¥3*f*:W-1f £fc WCte. M g H 
-TplAlyGai^Nil 6frh<n^m*Ms<7)W& 
ZT> K-TA 1 K Ga 1 . B NJ|l 5«Ci ->TKJRLR6ik 
LT^&. i*tKJ:>3..iSttJirt^)K^ 7^t7^ 

[00 061 01 2fr^L^*f*:U~if 

A^^Wifc^ffiittJI^Sixrv^^. HI 3tt» 
ffi¥7 -29141 e^z^tvc^hmicfiv *7a^ 

Ttt. aaaa* [io-io] «Kc*irr*&if ? r >f r 

S«2 1±^ GaNW77rS22^L^ 
GaNlCl&Tfi^L*: InAl NcOT^ F—rftffiflf* 
S23 tG2LN<r>T>V-7&ffiift&f§2 4t$:. £5 
£10. 5JS»fl»IU T:xK-:rr5^Rltti2 5 
ZBfcth . *123, 2 4 S Ji^rta-coai* 

A<7)l/4i:-f4. mz, nMGaNc0^iiAS2 

6. 7yK-7I no. 2 Ga 0 . 8 NcO^S^F«2 

7. P SGaNOjE?iaAiS2 8*^^-l>^S^^t 
C<^&3^¥££Afc-t£* &Wt. GaNtCtS 

*&&lfcl nA 1 N<7)pSS*f*®2 9i:GaN^)p 
SSSSf^«3 0^€:. 3c5tci 0. 5JU8!mJIU P 
S^ x^^StS3 1^^^. £tl. p-GaN* 

^•yrs3 2, pfsmm33i:mfh. zuz, 

hicj: 9. Iffgtfl Qum<7)nMco*y' : £1&l&-tZ. ft 
WcSiO a 3 4-C««Lfc». n«WS3 5«:IMIL 
T\ 013^^ci^7tU-ifSrf^«^^C:fc^r# 

[0007101 3<08tm<0^#^-if "COL «tt» 

* c o o o i ] ®frt>&® Ltzms^mm-h ztiz 

[00081 



Wco^ U t»«S:K < w t tz J: o T m^^HSM 
LTv*£. 01 ll«LftW#l/-ft11 K7>fx 

^^y^zx^x^soMm^jT^mm^mm^mr 

hZtlzXD. «8£»ESSLTV*&. 01 2K:* 

Lfc*SI*V-if(c*5V^a. S i 0 2 |&iiJBt£© 1 0 
^m^h7^7^:x 7 fy/l, ttSS£"Bl Ojum 

[0009 1 La*L*A*6. MgF-7pIGaNay 

?9vmtP mn&mumt ^mm&mt^s^ . 0 

11.01 2^L^«KtT'ii:«flit^«M®a^/h^ 

[00101 mmz. 01 3 ^ Lfzm$&6i'—*?( f z& 

WC*>. ES^l Ojum^OPJ^^iS^i^rSSK^ 

[00111 ■s»*trft*fb«>¥9Mci<'-- 
m-hz.tznwbi,x^h. 

[00 121 

mmi 1 Bttc0«Weii* S«_t^. ^«:< t ^> n 
SAl 1 Ga l . I N;77Hl(0<x<l), In y Ga 
l . y Nm(0^y<l)£&ts5&effi&. plAl E Ga 
^.N^^^b'aSrJaW^ffit. pfiAI.Ga^N 

*^)«a«8rl»^T. A l 1 Ga l . x NS(x<z^l)S:ii 
«j«*fc:-t->-CJMiL. «EpaAl g Gai- I N??v 
KJfAtfAl.Gai.sNUCCU. P lGaN3^^ 

[0013]^, «WWI2B«OJWHtt. «SJb^. 
^St<kbnfiA I.Gai^N??^ H«(0<x< 
1). I n y Ga 1 . y N®(0^y<l)«r*O5Bt^«. 
plA l I Ga lM N»l?57 HJIfrNGkKmftL. P 
SAWGa^^Sl^^^/HSiictl mS5i£AfS^ 
fc^:l>^Xh^>fr«cO|g«S:^V%T. Al : Ga,., 
Nl( x< z ^ 1 ) ^ J: o TML. fiiepS 
A lsGat-BNttl??-? PJDUFA lzGa^^ffll 
t^is pSfA l l Ga 1 . l NS2;77 h'il. pSGaN 

[001414^. IS^3ieK^^<i. SfiLLtc. 
4^3:< t> nSA I 1 Ga 1 . s N^7»/ HS(0<x< . 
1). I n y Ga l . y N®(0^y<l)S:*tf5%5KIStS. 
p9Ai s Gai.,N]|tl^9-yFJI»«<XC}BAL. P 
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SAI s Gai- s N*l?9* KALhett . W3f&*MJ& 

NJf(x<z£lh I n„Ga 1 - lt NE(0£w< 1)£8 
^*£J:oTJ«X«(«U mEplAl.Gaj-.N 

too 1 5] 4fc. wnmi&ticvmii*. msit^ 

^<ktnSGaN^77TlKML, I£nSGa 

7"«0«K*I»V^T. Al l Ga I . 2 Nl(x<z^l)J: 
WWtJM=J:0»*L. iJfenMGaN^-y^rJi^J: 
XSA 1 z Ga 1 . x NS±(C«±. nSJA 1 , Ga^, N 7 
K®(0<x<lh I n y Gaj.y N/1(0 ^ y < 1 ) 
tr«*««. piAUGa^^^-yKS, pS^V 

[0016] m&5iffi<r>mii±, m&±( f z. 

'J?%< bi> nMA l I Ga 1 . I NSi;7vHl(0<x 
<l)fc#*U niA l,Ga lM v K/f _b 

tvt. A l x Ga l .,Ni(x<zS 1 J: o 

TflflftU WEnfiA l s Ga,- s N*l ?7-y KJffcJ: 
tXAl x Ga!- x N«±Wi. nlA 1 1 Ga l . I NIS2^ 
7 I n y Ga 1 - y Nii(0^y<l)$r*^3t^ 

plAi^at^N^^vKl. pIay^;M 

[00 17] ifc. M^6Ett<0£«MU £«±fc. 
4*3:< fcinfflA l s Gai- s NS51?9-r H®(0<x 
<1)S:J&£U nlAUGa^N^l^^/HBi 

WT\ I n w Ga l - <l NS(0^w<l). Al.Ga^.N 
H(x<z^l)8:aR«fifc:J:oTJ«<J:fc:»fi£L. MIS 
nlA l s Gai-,NflIl?9-7KJ|ttJ:tfA 1 ^Ga,., 
NH_tlC{i, nlAl I Ga,. I N^2;7'/Ki, In 
F Ga 1 - y N*(0^y<l)**tr»HH*, PlAl, 
Gai- s N??y KB. p§3 7 h/f£J©<»cj&£ 

[0 0 18] «r*«7Bll^)*«tt. ««Lb(c. 
^<ttn!A ^Ga^N^-y KJf(0<x< 

1), I n y Ga l . y N®(0<y<l)$r^tf^3t«®. 
plA l.Gai-.N^yHJifcflKKyftftU pIA 

l x Ga hI N^77Ki±t:ll «gSaA«iSh^^>< 
£n^#Ofi*g£Bt^-t. Al l Ga l . I Ni(x<zS 

l)*m&lUzt*>XjmU PlA 1 ,Ga,., 

KJS&itfA IjGa^jNUlCtt, piGaNn 

x^z. 

[ 0 0 1 9 ] *fc . m**8Ba*>*WH±. BWSI 1 ft 



WBsJf&tZ&^X . Ai^ai.jNli^liln.Ga 
i-.NJIfclfCir, GaN/A^Ga,.^^^ 
tt^Utt*®**-* - 1 LTV** . 
[0020] 

i%ffl<o9zm<r>&m tar. ^m<ommcr>mmi:mm 

tt. £«10 1Jb£. 'JfZcK 1 1> nSA IjGa^jN^ 
77H1104(0<x<l), I n y G a^y N@(0 ^ 

y<i)z&t*&y£mmftw$) 1 oe, pia i,Ga 

^N^yFJflOS^fcfcJttSSfU PlAl t G 
ax-^N^^-/ FJfl 0 8±£fi* SSSaEA^tS^S:* 
^£Xh^7*tttf>lgfcBl 20^^t, A 1 jGa^j 

niio9(x<z^i )tfmusi&iz x ~>xm&ztix 

ffiTiepSA l.Gai- s N7?-y K* 1 0 8&IXA 
l^a^NIl 09±tcte. pSGaNny^^hS 
1 1 0^«$fL, igffifBfcM^tf)*: LT«te£$*tT 

[0021] ilt, %3ttg«(*S14J!> 1 0 6 k 
LTUL I n y Ga t . y NS(0<y<l)^tHWt 
tf>£JBv^,I*:#T*#&L. In y Ga,. y NK0^y 
< 1 XoJlTKA 1 G a N#>( FJISrSttT S C H«fct 
fcLfcktf)£ffiVvtkiK. £>&V^i. AlGaNA'ij 

li, I n y Ga l . y NB(0^y<l)Sr'S'^itO"CS>fi 

UnS!Al l Ga lM N;77 KI104(0<x<l) 
k<7>mz. GaNA'77ril02, nlGaNa^ 
?hJB10 3)W&££*U nlA l x Ga l - Jt N^ 

^ vYMl 0 4(0<x<l)kK%mmft&M) 106 

^sic ^ i o stm&zti. *£i*« io6t 

P lAl I Ga 1 . I N;^7b'il08tO[lll:. K 
/II 0 7&M&L2tlX^Z>. 

[0023] g&mt Lx.mi (r^mfrmmii. 

r^TlfilOlit:. GaNA'77rai02, nS 
GaNnv^^hJil 0 3 *U nlGa 
N=J^^^ hSl 0 3JLC nSAIo.i 5 Gao.8 5 N^ 
77H1 104, nSAlj^Gao.sN^HHO 

5. GaN/Alo.iGa 0 .9N^Si?#FtSttS10 

6, pSA lo^Gao.gN^M 1 07, plAl 
o.i50a 0 . 85 N^77K®108, TyH-rAlNfl 
109, pIGaN3y^;hillO, Pl^fill 

nfi. mvi&^zx^xmkicmgi^tir^^t^^x 

[0 0 24] ZZX\ T>F-7A 1 N® 1 0 911 A 
1 X G ai- x Nil 1 0 9 tdfcwc z = U L*r*§^C& 

mi 2 0fc&s^£®mK*i, #*s*vovarv* # 
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[0025] £tz. nlGaN^y^^ h®l 0 3-bfc: 

4 Tm&l 0 1±£, GaN/^7rll 02. nSG 
aN3>^^M103, nSAl 0 ,i5Ga 0 j 5 N^7 
7HB104, nfA l 0il Ga 0 . 9 N^ HIS 1 0 5, 
Ga N/A I o. , Ga fli sNJll^FStti 1 06. 
piA lfl.|Ga 0 . 9 N^>f KJ11 07. pfAl 0 . l5 G 
a 0 .85N^^-y Fill 0 8*«&fcxe**^*/H£« 
8«(H2(a)). 3nB. LTUL *f» 

piAl Oil6 Ga 0 . 85 N^77h')B 
10 8_t£SiO 2 JS2 0 1 *LT. 7 

* h y >r -xatcj: nataAWKfc*^ 

§Xh7^^IiS^^tS iO 2 «2 0 
^x 7 fy^ti*n(i2(b)). "«r*)fe. «S£ 

;;t, sio 2 ^S7^r@d 0 d wt 

[ 0 0 2 8 ] VIB&HSHBJ&fi&fcJ: 0, plA 
l 0 . l5 Ga 0 . 85 N;77 F/Bl 0 8±tCT^F-rA l 
N1109^50 nmSjKcO«WCfi£«S-fr^(a2 
<c))„ S i 0 2 if 2 0 1 JLteii A 1N110 

[0 0 2 9]&lC S i O 2 Jf2 0 1 J-^^^X7f. 

rvh-rAi njhi 09^^ 

P^A lo.i5Ga 0 , $5 N^77b'Sl08ii:pIGa 
N3y;;hll 10«reAdt***4(H2(d». 
[0030] pIGaNay^^Ml lO^S 

I^ionlGaN^y^; 1 0 3 iT'H^-f X 
y7LTVviSffimZJ8f&tZ (02(e)). d<50*:£. 
Uv^iflld 1 OO/zm, Xy^^UfcBfEB 

W«d,36W!itr»3 o 

h. Z0)Xo&V viSmmt^ZZt^Z^X. nlG 
aNay^^h/Bl 0 3±£ nffii^fiS 1 1 2*mmzm 
^b^<nx^-^mkth^tffX^X. tt»tf> 
J:3C. nSGaNrJV^^hifl 0 3±(Cn(amffil 
12fc«»£»j£U n!GaN3y^;Ml03 + 

[003 1 ]&f&£, pIGaN3^;MHOi 
fcP«TOll 1MWT#J*U nlG aN3 

>-*?h/f 10 3±Cn{S«&l 1 2S:JWC»KtS 
(02(f)), ClilCJ:0. Hlo¥»*U-l?Sai£fl5 

[0032] <Itf)<k tfWKuswai. 

PlA l 0 .i5Gao,8 5 N^77 FJfl0 8_kfc:« 



5jum©^)Xh7>fr^0^1 20»^, TVF 
-7A 1 NB1 OQtfJBftSitTfcO, -*)A 1 Nil 
0 9«i«S9»S^6. 2eVk#J!Bc*S<JJB»J 
ffc£$roTV*£. Sot, Sgft$:5jumcOXh5^^l* 
<7)ffi$Ll 2 0 «S[$r^$^^C:fc7&<T'# 
*LT. A 1 N/Bl 0 9T«i?nrv^V^h7>f 

rtt<o«g*si 2 0 6aaufc«at- pSAi 0 . l5 Ga 

o.ssN^^yHSl 0 8Srii^T«tiyil 0 6(ci£A§ 

[0033] G a N^*I/-ftCt5V>m 
Jt#H»fc«>. «tMWfc*Hlta»*A 1 GaN^7 
*y FJfOSSti;. 0. 6MmiSkAlGaAs^ 

pSA 1 o. is G a 0 . 85 

[0 0 34] ZK. ltz#><?> A 1 N*l 

0 9<i. pIGaNay^? FJ§ 1 1 OOTtelJUt^ft. 

[0035] t£->-c. 0 1 <n^mw.\y— fmmvii. n. 
mtw&ztizftw*- t- T^sts 1 2 o<offist) 

tplGaN3^; Mil 0*^«««Bl 1 1 

0 €-5*tmi:$IS< U pIGaNry^?Mfa 
d,Sr 1 OOumi:fc<-thZttfiX-%h. ZttiZi 

[0036] Ga NaWm^S^i^V^a^Mt 
CESS^:«ST*J>-0 . (Sot. ffl»» ivfy/CliK 

•yf-vy-CJi. #5 0 nm^jfUTV K— 7*A 1 NJf 1 
0 9 (A ^Gai-.NJSl O 9(x<zg l))^Sr®J«l 

Cijwcii, «aat^$:^5^h7^7^««<l 2 0 
S i OjiS2 0 1 *~?X7b LfcA 1 N«l 
0 9<03l«?fi£^J:OfT^-7TV^. *<7)tZ#>. Xh5 
>f T«fST'A 1 NJ11 0 93WS->^»3, PlAl,.,iG 

AMW 1 2 0 ^fi£«:?T^ 0 w fc ^-C'^ S . 
[0037] HSti^HBtcfikS^ftW—^a^ffi 

l— -fmmi. &&L 1 0 1 ^=5r< i: t> nlA 1 , 
Ga,. I N^77HI104(0<x<l). I n y Ga 

njs(o s y < i ) i^tss&mmm'&m) 106. 

plA 1 . G a t . , NS5 1 9 7 -/ HiS 3 O 1 tfmX&f&.Z 
tl. pIA l,Ga|.,NS1^57 FJ130 1 _htc*i, 
tlS[aA«ai: ^rS-^^ ^ F 7^ r*<^« 1 2 0 
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WC, Al,Ga 1 - [ Nil09(x<zSl)ji<SMl 
IzX-oX&l&ZtlXii*). friepMA 1 .Ga^.NSl 
9y-/ H)13 0 1&*/A l.Ga^.Nfl 0 9±W±. 
plAl I Ga 1 - I Ni2777KS303, piGaN 

[0038] H3 ICiKLfciHWIcU— !r»i:t .H1K 

aiLtz!m#u—rmiM.tmmz. 1 0 

t£G a N/A 1 o. i G a 0 . 9 N £Si^#FvS1£f ) <0± 

X. A 1 ^ai^NSl 09(x<z^l)(P!ilf. T 

0 9li. l2{a^«rC*S W3te<&5um<r>XY 
5KT#<7)»i*l 2 0 «BS£&se$i2r£,r 

[00 3 9] 3*>K, l23<D¥#fl£§SSS-Cli, «S££& 
sg-t&7t**OA l I Ga,. I Nil09(x<zgl)(M 
Hi A 1 NDJpiA l l Ga,.,Nflll^?>yFJI3 

0 imHipMA l,. ls Ga MS Ngi;57 KJI)k 
PIA l I Ga,.,NS2?77h'130 3{Milfpl 
A 1 0 . i 5 Ga 0 . 85 N^2^7-y K«)t«0iatCi5ftSC 
k Kli •) . H 1 fc« Lfc¥**U-m»»=tt*T . « 
It® 1 0 6 C J: 0 iSv MaHT'«SBK!£$rfT>5r 

* , Z tilz J: >) , 0 WTSttftSKOigaM:* 5 9 ) 

zze>tzm\bx. m9ft&-Mism-&£ktfX'i* 

[ o o 4 o j 124 *wntz&%*mtei'~ fmwrn 
m<r>m&mz7fi-*mx'$>h. muza^x. m 
i. mstttfetzmmiziifsitf&tttLx^z. 12 
4«hm«*u— rmm±. mi o i±k. 4>-#< 1 1, 

nlAI,Ga,.,N?77KI104(0<x<l). I 
n,Ga l .,NJl(0Sy<l)5r^tr?BK^(?SeJl) 1 
06, plAl.Ga^.N^l^^'yKiSOl^fiJ: 
«&£$ix. plAl,Ga,.,NIl?7-vf<i301 
_L£fcL «S&&AfIi£k&&^#*h74r#tf>MiSl 
20Srl*^T» Al ! Ga,. 1 N1109(x<z^l), 

1 n,Ga,.,NI302(0gw<l))!i<S^CJ:'5 
X&fflZtlXti*). H9fapMAl I Ga l . 1 N^17^-x 
FJ13 0 1;B«fca f I n,Ga,.,Na302±C. plA 
l,Ga 1 .,NS2^77H1303. P IGaN3^ 
9 hM 1 1 O0<£j£3*l. ^ffl^T^^t^i: LTfltJfc 

[ 0 0 4 1 ] 04 {C*L^¥#«5l'-1fJISt» .@1K 

r$m.tmmz. mus 1 o 6 ma 

li Ga N/A 1 o. ,Ga 0 . 9 N^SS^#FfStt«)0± 

T. A l 1 Ga,- I N1109(x<zSl)(Plilf7y 
F-/A 1 N®)a<JBj£$*VCfc9. Z.0)A 1 NJI1 0 

9«i, mmsmx'&zKisb. msss-^s/xmwxh^ 



[0 04 2] S&K. (24W¥3Hfc2gaT-{±. «g[Sr!K 
Zft?htzlh<r)A ljGa,.,NJIl O9(x<zSl)(0lJ 
*.tfA 1 NJl)$-pSJA 1 ,Gai-,Nll 9^-v KJB3 

0 1 (0Uff pIA 1 o. , 5 G a 0 . 86 N3& 1 9 9 * KJf) k 
PlA l,Gai-,NS2^ 9 •/ FJ13 0 3 (Milfpi 
A 1 o ls Ga 0 . 85 N3&2?9y FS) k^fSUcffcH-SCl 

k o . la i izTKLti^mftis-immzitKx » *s 

It® 1 0 6CJ: Oifii- ^SrSSE^Srtf^ oik 

£ . iiifc J: 0 . 0 «oo^sasa< o ) 

[ 0 0 4 3 ] $ I4(0tiftl'-i^IWRfffit 
LT. ^&!fc£lT&3*:*><0Al 1 Ga 1 - l NJf 109 
(x<zSl)(MitfAlNSl09)^±C > I n.G 
a,_,,NJB3O2(0lR{fT>'F-TGaNS)£:A 1 N 
Ml 0 9tc^^T3itR««{c«t0mtTV^. CC: 
T. I n.Ga,..NJ13 0 2(fWitfGaN){±. JSJf^ 
*<PIA 1 ,Ga,. t N?77 FJf 30 1 , 3 02(011* 
{£Al 0 .i6Ga 0 . 85 N75-7KJB)J: * 

Mi-tf I n^Ga^yNig^Sk I n*fij£A<|5) t*»S> 
6^<i*S^%£C(i. I n,Ga,.,Nili, I n r G 
a,. y NvStt«l 0 6-C'^L3t3tS-®K^-S. -1*3*: 

^mu^izmsmmm^mmm^ti. mt. 

1 n.Ga,..N®3 0 2(WliJfr>'H-TGaNJl)*< 
#£L&^XF7-4r:|frZ>fIigl 2 0Cffl£.2^>&it 

[0 044] I^J:?^ 04<7>#3«*:U— 

a. imMmin^otznfxoAi l G3L l . l ^mio9 

(x<zil)(MitfAI NJB)k*¥«i^ri6]tC7t5rfflt 
2=tf>&*:tf><7>I n.Ga,.„NJI3 O2(0»|;ttfGaN/I) 
WWiVhixX^h<r>X\ •%.WM&bbi>Kz. *¥8:frl*J 

[0045] IKSERJ&S-frfcdfctfxOA l,Ga 
,.,N110 9(x<zgl)(C«iilfA 1 Nl)k*f« 
#ftC3fc£PBtj2^&*:*'><OI n,Ga 1 .,N1302 
(Wli.{fGaN@3 0 2)tC?^T, S i 0 2 m£-?A9 
k UfcSJR^tCi 0 ft— <0X h 7-f7/^->-*M 

$-£SCk*<T'$&. 

[0046] m 5(i. *%BB(^i,iiiSitt:lx— f§iao 

k*^«•^-*s^m^c(i:lslt : ^?^•^+LTv^s. \%5<7>*m 

«cW— (f^SJi, SSI Ollt:, ^ktnlGa 
NA77Tll0 2*<M$fl, UEnSGaNA-/7T 
S10 2±Cli. «gSitA^i*k^&^Xh9'fr«' 
^12 0^V»t. AI I Ga l .,NJB109(x< 

T.&Difwm.mzi.-oxm^tixa*) . wtenffi 

GaN/<77Tll 0 2**<fct/A l^a^.Ntl 0 9 



Jifctt. nSAl I Ga 1 .,N^77Kll04(0<x 
<lh I n y Ga,. y NJB(0^y<l)Sr*tf«3fcfS« 
(«5tt/B)106. piA \ t G a x . t N9 7 y KJ§ 1 0 

8. p S3 v99 hill 1 0#JH<«C^j£S*U 

[00-47] ttb*>. m5<7)*mfc\s--F&mX'l±. 
WWSfPSrdA l I Ga l . 2 NSl09(x<z^l) 
(MitfryH-rAI N»^nlA l I Ga lM N?9 
•/HI 1 04(0<x<l)(«itfnlA U.isGa 
o. 85 N^77Kl)^nIGaN3^; Ml03t 

[0 048] m#mkLx. mi<7>*m#gzmi* *ry 

r^rmWLl 0 l±fc. GaNA 7 7rll 02, ni 
GaNay^^hil03 nIGa 
Nay^7M10.3lC, rvH-rAlNllO 

9. nlAl 0 .i5Ga 0 .85N;77HI104, nSA 
lo^Gao.sNM h'Sl 0 5, GaN/Al 0)l Ga 
o. 9 N^iIf#FSffiill0 6, plAl 0 .iGa 0 . 9 
N^>fKll07, piAlo.i5Gao, 85 N^7 7Hi 
108, piG aN3^^ hJf 110, pffltEffill 
1^\ aHR*«KJ:->T)iafc»lR3*i3tt>Oi:*->T 

^7T^fTSKl 0 l±tC. GaNAV7ril02, 
nMGaNn>*^?NJf 1 0 3£. 4r«&K£lfHj£fi& 

[0050]&£. nlGaN^y^^ hJSl 0 3B: 
Si0 2 /B2 0 1 *LT. 7*hVV? 

rw**(ftvvc. sio 2 B20i^^/PX7fy 

:/T1$*-r&(I26<b)) 0 SiO 2 <0Xh?-f 

[0051] mz. ^m&m&tt&^mzx pig 

aNrjy^^Mil 0 3±tCT>-K-7-A 1N1109 
5-^5 0 nmSSc7)iglS^fiS;fi$-fr^ (126(c)). ZCO 
t*. SiO 2 ii2 0 1±(3Ji:. A 1 N/f 1 0 9#*i« 

1 2 0jWgf£S*i&, 

[0052iaC, S iO 2 /f2 0 iSr^tf^x^ 
y7X-mkLtz&x\ T> K-^A INilO 9*>«kt/ 
nlGaN^y^; hJf 1 0 3Jb(C. nlAl 0 . 15 Ga 
o.85N^77H1104, nlAl M Ga 0 , 9 N^ H 
S105. GaN/A l 0 .iGa 0 . 9 N^SS^#FTStt 
11106, pSAl 0tl Ga 0 . 9 N#>f KB107. pI 
AI 0 .i5Ga 0 . 85 N;77h'SlO8, plGaN3y 
99VMI 1 0*JRKWMM»S** (06(d)). 

[0053] <JCK. plGaN3y^7MllOO« 
I^nlGaN^y^^ hll 03^T'H7 y fX7f 
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yi/LXV -/y«g«fJ(i6(e)). <I<7)££. 

y d i i o o m , x * f->^ Lfcorar 
o-**»^«eia£A««a -e^ffi« d 2 t^m^m 3 0 

[0054]®f££, piGaNn^^MllOi 
CpKII 1 l£mmX&&L. ZK. nSGaN3 
y^^MlO 3Ji(cnfflHSffil 1 2*IE* a cmfc*~6 
(@6(f», dfUciO. EI5co^»«sU-1^aS:^ 

[0055] .r^i a **w*u-in»«fe:fcv\r»i. 

P^GaNny^^ hill 0 3±(C 0?;Ltf5 uml&CD 

xhjjTVtvmm 2ozt&^x. t^k-ta 1 n 

S10 9^KSilT^O. MTyF-rA 1 NJ11 
0 9 . 2 e V < . 

fti^tl^. ftoT. «S££5/*m<7>Xh^r# 
<0««1 2 0K*4'StfS£fc* f T'§S. Zte. Pffi0« 
ffil 1 1 i:S«tl>plA INay^^Ml 1 OOte 
lilOO/zmi:/E<h^^ pffl|;t-$ ?J£St£ 
&WmftW£iffi£t2>ZbtfX'Zh. 

[0056] m7i±*miiz&him#iu--v £ mfc<rm 

ttK-Tzmmizimtn^tttLx^z. mi<7>*mte 
\s-<rmm±. «kioi±u:. ^<fctniAi, 

Ga,. l NS1^77H1601 (0 <x< 1 )#Jgj£$ 
*U nlAl I Ga 1 . I Ngl^77Hl601±i:lt 

sbs&a®***: x h 74 Tv&mn&m^x . 

A 1 2 Gai -x Nig 1 0 9(x<z^ 1 ) jWKtRjfc&tci 
XB&LZtLXto*). tftlfinSAl.Ga^NS&l?^/ 

FS6 0 l&Xl/A l.Gaj^Niil 0 9±Wi. ni 
A l x Ga 1 . r Nm2^7«/Hi860 2. In y Ga H N 
«(0^y<l)^tf*5tSt«(*Sttffl)l 06. PiA 

l s Gai-.N??<yKJI108« pm^y99bmil 

[0 0 57] m 7 \Z^ Lfc^tt \s h . 

SLfc¥**U- J «(S«l:H«fe:. pSGaNnv^^ 
hiil03±.tc. CT^tf5/xm<@0^b^>f7^^fS« 

1 2ozm^x. rvH-rA 1 njsi 0 9^$ix 
■entire. -sE85^i|@5/zm^)xN^^rtto«isi 2 
0fcim*£tf6c:i:#-e££. 

[0 0 58] 07<^*#3£Kt±. maSr^ 

t^AlNll 09* i nlAl l Ga l . I N^1^77K 
16 0 1 (0<x < 1 ) (M^tf nIA 1 0. i 6 Ga 0 , 85 N 
311 97 v YW)b nlA 1 ,G a,. x NfS2 97 y FJS 
602<Wi.lf nlA l 0 ,i5Ga 0 . 86 NS2^77 FJt) 

If^atcifr^T , SttS 1 0 6 £ «t 0 ifiv yfaWXWSSSk 

&&?r%ozttfX'Z. ztuz**). mmiztftx**?- 



[0059] H8ti. *%PMz&&*mfoU— 7*3I2<7> 
ffi^BKPJS-^-rS-C'ftS. Srfc, HStCiJWC. 05 

«Mltt. «S1 0 1 Jt«C. ^< t i> niA 1 
,Ga,. I Ngl?77FS60 1(0<x<l)* t f«S 
fl. nlAl,Ga,. x NSl?77KS60 1i:i:l±. 
^&Xm^t * Y 94 7"«W>***I»V *T . 

I n,Gai.,Nl3 0 2(OSw<l), AljGai-.N 
il09(x<zSl) o •C#rt«*iTiS 

0. l?I£nSA l.Ga^.NJgl 95 -y KS6 0 lfcJ: 
XfA 1 ,Ga,-,N«l 0 9±Wi» nSAl.Ga^.N 
f277-/K1602. I n y Ga,- y NJS(0Sy<l) 
£*&SBfcfitt5B(iSteE>10 6. plAl.Ga.-.N? 
=7 -/ FJf 1 0 8. pI3 7 bit 1 1 0 *<WI<W;:J&(£ 

(0060] -*%*>io. l38£0*««£U-i^Sii:. * 
1 7 KJf 6 0 li:A l,Ga M Nil 0 9(x<z 
Sl)t<0(atC, In,Ga 1 .,N1302(0^w<l) 

#s sterns ftTusjrc. mi <n¥m>fr\s-+?$m. 

[00 6 1 3 m&n^ftl'— 73SSt>. 05fc:>nL*: 
1 2 0 w ttfX* § . 

[0062] tit, m&^m^—^wmzti^x 

it. «8BW*fT*3fc*>*>Ai l Gai- I N*10 9 
(x<zgl)(flilfA 1 Nl)£jfc!I^Sfc:$fc4*>, I 
n.Ga,., Nig 3 0 2 (GUtfTy F-7*Ga NJf) SrSI 
WESWOMU^S. -C1T\ I n.Ga,. .NJf 
3O2(0!li<fGaN)Ji, S9r*A*nSU l.Ga^.N 
9 9-/ h'JI60 1. 6 0 2(W|i.{fAlo.i5Ga». 85 N 
^9vFJi)J:0fc**<, Milfln.Ga,., 
Ngfiii I nfflJ^Et^&*V^U:;fc#V>%&fc:HL 
I n„Ga,_„NJI«. I n,Ga,.,,Ngffia 1 0 

mt^mmm^n. i n,Ga l ..N>i30 2 

mx.Hr> F-7G a NJB) a>*3q5EL5r VV*. b 7l£ 
cOfgf* 1 2 0 Kffl t ii*> htl h . 
[0063] ZmXofZ. i8tf)*«*U-i^Sr 
It. Igg^fc^&^fcJbeOAl.Ga^NJIlog 

(x<zgi)(ff«i.tfA i urn t#xmj5m£X*mt 

2^>i>7t*b«OI n,Ga,.,N1302(MitfGaNI) 

l.Gai-jNJBl 0 9(x<z£l)(PU<£ 
A 1 NiBJfcTkTffi^rSlKjfcSrfBtiZ^S^^ I n.G 
a,.,Na302((f!lilfGaNI)C^^. S i O a Jg 

LfcjStfo&gKJ: OH— OJ^h^-f 7*9- 
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[ 0 0 6 4 ] 09(i, *S^tc&£^#l'--9'£iIc0 

ftU-lfgSte. S« 1 0 l±lc. &tc< k i, nSA l 
I Ga,. I N?77K1104(0<x<l). I n,Ga 
,. y NJ8(0<y<l)^tffBe«l«(vgtt«>70 K 
PSA 1 , G a,., 7 7 h'i 1 0 8*««»:tcM$ 
*U PIA l.Ga.-.N^^-y KiS 1 0 81CI1 
#<7)^i£l 30£i$WC. A 1 j G a | . t NJB 1 0 9 ( x 
<2&l)im$if8iM:',Zi:->XB&LZ1xXti Y ). PIA 

1, Ga,-,N?57 KS1 0 8fc«fct^A I.Ga^.Nl 
10 9_t£»i. P IGaN3^7M8l 1 0A { ^B£S 

ft, mfeaJiflutio i, 102. 103. 104. 7 

0 1. 108. 109. 1 1 0£#S8fc 
^iSffit7-9y^RSf«7 0 2. 7 0 3* 1 Jgj£$*lTV> 

[0 06 5] iit. plGaNaWMHOfO 
^ffi*»(i>nl!GaNr7 v^^hSl 0 3iT»i, Witt" 

h. ZLX. ^^<0lS±SB. -fSr^pSKJaNny? 
7M1 10±CJi. pfltBffil 1 l*»yv^«W 
ZilXtiO. ZtlXWJm. nlGaNav 
^^h/Hl0 3±Wl. nfltffil 12*<7gj£:5*VCV* 

[0066] A^wt lt. &9 <&m#\s—rmw. 

it. -t7r^rSfi?l 0 1±IC. GaNAy^rJil 0 

2, nIGaN3y^^Ml 0 3JW^Itf:^;:»l£;*i^.. 
nSGaN=ly;5'? bJB 1 0 3.B::, niAlj.nGa 
,.8^77-/^104. I n,. ls Ga M ,N/GaN 
^SS^#F«ttS7 0 1 . pIA lo.isGao.ssN^ 
9-/FB10 8. 7VF-7AINH09, plGa 
Uay99hmi 10. pfflKffil 1 1**, MtfJ&^lz 

[0067] 09ti3v^T, ±$m®.w&mwk7 

5 -y ?m*m 702»iZrO 2 fcMgF 2 fcft^ifc&tf) 1 
/4J5$-C^51tc8'<Te/BL^RStai: Lt^«S 
fL, ttz. TS^HJ^^B^7-y7'RSta7 0 3<iZ 
r O 2 1 M g F 2 £ 3^5*^ 1 / 4 -C^£t 1 0 ^ 

TmMvtz&ttmkLxtat&.ztix^t>. i9<o 

WCIi, Ta5^^«aS7-5-y7RSt«7 0 3tt, « 
85&*££ =5: d tz#><r>m.Wh 1 0 At m<0RJgtt«0^ 1 
3 0 <r>T-K<F>*ry r A TWSL 10 1&i7f 

[0 068] ZV>J:o*m!&X'ii. pWm&l 1 1*^ 
iiASflfcHSBi, pIGaN^y^^MllOtp 
SA lo.i 5 Gao. H N?77 HSl 0 8 t<OBIt:i6ttA> 
tor>H-7A 1 NJil 0 9tCioT. WLWfttl 0 
x/mg«ore£R<?)fBS<l 3 0{C^$nr . I n 0 . , 5 



G a„. 85 N/G a N^-Sg^ #F?Sf&i 7 0 1 (C85ft.j& 

SS£(KT£-t>\ *»opffiSmffil 1 liW^^MS 

[0069] 701 <7)±.mzPi&ffi& 

im^Xm&LtiA t 1 Ga 1 . ! N1109i:J:-5tl|SE 
£ tfilS 1 0 jul ma£<0i*V ^iSlC&tf £ t 
a s T'££. — pIGaN3^^ bmi 1 Oti. ± 
tSlSg 1 0 u m i ») V HfyU «fi£S 1 0 0 u mg 

[00 70] I n„Ga 1 .,N(0<y< l)/f £3" 

t?^7K««(»l±«) 7 0 1 X'Z&tLtiXli. ±-R7>^Ji 
-/^K5ta7 0 2 , 7 0 3T^j££ftfe*iI&F*5 

&oT^£. -T<0B!L In M5 Ga|,. 85 N/GaNfl 
fi^#FfS<4S7 0 1-C-%3fet^Ji. ^^H±S5^ 
(£$fX^±28l«1S*^SJK7'7 -y 0 2 fc . G 

a na* 7 TmcoTtzmjs.ztiKT&mwt&ms&T'? 

•y /£9t8 7 0 3 i: «>HT#« LX . SKCtf t T Sffi 
^•(6) fc P -if 0 iil $ ft h . 
[007 1] Z<?>b£. H1tmt,zm^X^$> I n,Ga 
,. y N(0<y<l)(±, A'yyrl^^^MCl 

a,. 85 N/G a N ^mST#F«ttffl 7 0 1 0&$lJ#4I 
»i. SSSF«it=«>l>A 1 GaNifciVGaNl^fSl 

[0072] 01 omu *$twizfoh*mteu-ifmm. 
<wh<?>mfmz?fr-tmx'$>h. mi on^m^— fm 

mi. 01. 03 . 04 . 0 5 . 07 . 08£>6W±0 
9tfO¥«f*U— !f^atCfcV>-C. A 1 ,Ga l .,NJBtJ J: 
tfl n.Ga,..NJlC-ftiT, GaN/Al.Ga^.N 

*^^&*iis^«ji8 o i jpaft&Jtt: i-o-c^sn 

[0073] MfrftlZ. 0 1 0<O¥^«sU-^'§IEJi. 
0Ufcf, H4fciftLifc¥**U--- fmmztiVhTyV 
-7 A 1 NJSl 0 9fcJ:l/r^H-7"GaNJi3 0 2K 
ft*.T. GaN/A l<,. 3 Ga 0 . 7 Ni@*a^tSii8O 1 # 
S^^tC^OJe^fL-CV^S. Cl^^fflit8 0 1 
»±. 1 0 n m(Oif<OG a NJIfc 1 0 n mCO^JfOA 1 
0 3 Ga 0 . 7 NafcS:SStcl O^TltilUiflijit 
T^6. 



[0074] £<o«t o ttWHMffitcasvvcuk 
mmn&^f-aftmiz'^TUtifetzftKoAJU ?tm 

*/l^-P*gfc LTMK . Z<F>fz&>. ^oPfMi 0 t> 
x^/UJf-^viE7Llc:« LT*-a'-7 o-£jrp#i-r 

12 0t;m^S*Tffi8S?r^L. BHBSS£<£T£-li-£ 

[007 5] 01OfD¥#flcU— tnaE££tvc 
ti. GaN/Al 0 .iGa 0 . 9 NS^#F«§ft®l 0 6^) 
SISJ»«S**G a N/A 1 o. 3 G a 0 . 7 NitStS^«3i8 0 1 

GaN/Al 0 .,Ga 0 . 9 NS^#F*SttJSl 06 
T%5feL*:3fti. GaN/Alo^Gaii^NglSfffijI 
8 0 1 -CiSK£S»tT . iWmiiWzZmiffifi&gLtfX' 
«Stt«l 0-6T!ft*Lfc3Wi!?aN/A 
1 o. 3 G a 0 . t NjSlg^ I8&8 0 1 A<ML^VU h 94 

r«^«i 2 oeHtas'j^aT. s^^-eit- 

[ 0 0 7 6 3 £<^>i -5 (C0 1 0tO^«tU— iF^gtiiJ 
V^T<i. ^S5$«E^®i:U'CAl l Ga 1 . t N#«t'{i:^<: 
GaN/A l.Ga.-jNiet&^WjSSrffl^-CfcO, 
^tmX'lt'^'rnftmX'Vt&.-thA'U 7tf$>®B&LZ 

iirrS. *>&^J±, GaN/A UGa^NSetfry-fltjf 

^■vyr£RtH-&£i:* { T&2.. t¥->T, AI,Ga 

ummzi&<-xm$))mz a i , g a, 5 -/ fji 

XK). Ga.Nbnt&^%tetz13m*&m&Zffi£?Z 
ZbtfX'ZZ. 

[007 7] VXkrtXTtZ. *&mi. I n y Ga,. y N 
J1(0 S y < 1 ) Z1i;tsft^mimm)<0±&£tzUT 
mz . X h 9 -f rttO^iS 12 0* ^{SRt^«<!0^ 1 

30^t. Ty^-TA l,Ga,.,Nf(X<zS' 

Al«^z«?57 KJBOA I .Ga.-.NJKOA 1 fflfig 
xJ:0t,7<^<ift^$^-C»-^ (x>z». ^oT. A 
l.Ga^.NJBiiA l.Ga^.N^^-y ^Mb^miZ 

4. S^tc. A1^2£lt:i&^ft«.C-5fi.-CAI t 
Ga,., NfimPW* 1 ^ < =Sro TiN»<*:*^« 

A l.Ga^NSTSjbfl/CV^UXh^'fr 

«<^ii^ i 2 o t tzim&enms. 130 cm* s-w*^ 

LX&'&M'.ziZXizithZbWX-* . ZtHzi^X. ® 
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[0078] JbiemcS^S-fif^-? A l.Ga 

h mtf&mn&t *«w* BBm£-«L&tc«ftw-e« * t n 

3mt»VtTV^. 0Utf1|S$l5!$^£-5,umi#K 
LT, jivoplGaNay;? FJg(g£ 1 OOitmfcJE 

Tzitx. ^m^com^s. $■ is**- h^t ¥X* # 

[0 0 79] miS^SrlT^^^cOA I.Ga 
mzHtmZ-tXBtfLZtiX^Z. uWJroCx.yfy/ 

wffl&$M®zmf&.X'% h<nx\ ■rs.tjfrx.y?-^? 
h. 

[0080] 
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